INTRODUCTION {#sec1-1}
============

Gliomas and glioneuronal tumors constitute the largest and most heterogeneous group of primary central nervous system tumors\[[@ref1]\] and diffuse astrocytic tumors (WHO Grades II-IV) comprise roughly 60% of all the primary intracranial tumors, with an annual incidence of 5-7/100,000 person-years.\[[@ref2]\] Glioblastoma (GBM; Grade IV) is the most frequent neoplasm of astrocytic origin, comprising approximately 60-75% of the astrocytomas.\[[@ref3]\] The two most powerful prognostic variables in astrocytic tumors are patient age and histologic grade. Age is inversely proportional to survival time.\[[@ref2]\] Tumor grade is a key factor influencing the choice of therapies, particularly determining the use of adjuvant radiation and specific chemotherapy protocols.\[[@ref3]\] Ki-67 is a useful marker for estimating proliferative index, which is roughly proportional to histologic grade.\[[@ref4]\] In addition to histological grade and proliferating index the most frequent genetic alterations associated with the generation of GBM and progression of astrocytic tumors are deletions involving either large segments or an entire copy of chromosome 10, along with amplification of epidermal growth factor receptor (EGFR) gene on chromosome 7.\[[@ref5]\] Particularly, loss of heterozygosity (LOH) around the mutated in multiple advanced cancers/phosphatase and tensin homolog (MMAC/PTEN), a novel tumor suppressor gene has been detected more frequently in patients with GBM than in patients with low-grade gliomas such as anaplastic astrocytoma (AA) and low-grade astrocytoma and the mutations on this gene were seen in high grade gliomas, but not in lower grade gliomas.\[[@ref6][@ref7]\] Overexpression of the proto-oncogene c-erbB1, encoding the EGFR, is proposed to be linked to the progression of lower grade astrocytomas to a higher grade. Hence, its expression has diagnostic, prognostic, and therapeutic implications.\[[@ref8]\]

We have conducted this study to assess the expression of PTEN, EGFR and Ki-67 in different grades of astrocytic tumors by means of immunohistochemistry on formalin fixed and paraffin-embedded sections (FFPE) and to evaluate their prognostic role in astrocytomas.

MATERIALS AND METHODS {#sec1-2}
=====================

The present single-center study was carried out on 57 cases of astrocytoma after obtaining the proper approval from Ethical Committee of the institution and informed consent from the patients. All the clinically and radiologically suspected patients of brain tumors, who were admitted in the Department of neurosurgery for surgical intervention during the study period of 2.5 years (01.10.2009 to 31.03.2012) and subsequently diagnosed as astrocytoma of different grades on histopathological examination, were included in the study. Patients with a history of preoperative chemotherapy or radiotherapy were excluded from the study. In addition to relevant clinical features, detailed histopathological examination was carried on hematoxylin and eosin stained sections of 3-5 μm thickness prepared from FFPE tissue. Tumors were classified morphologically and graded according to the current WHO system.\[[@ref9]\]

Immunohistochemical analysis {#sec2-1}
----------------------------

Immunohistochemical staining was done for Ki-67, EGFR and PTEN with prediluted ready-to-use monoclonal antibody (Bio-Genex, USA) on FFPE tissue sections mounted on poly-L-Lysine coated slides. Monoclonal antibodies employed were EPR3611 and EP38Y from rabbit and 28H6 from mouse for Ki-67, EGFR and PTEN respectively. Following the process of baking, dewaxing and rehydration, antigen retrieval was carried out by means of pressure-cooking. Incubation with monoclonal primary antibody in humidifying chamber was done for about 40-60 min at room temperature after using peroxide block. Secondary antibody conjugated with horse radish peroxidase (polymer-HRP) enzyme was applied for 30 min. Thereafter di-amino benzidine was added for 10 min as a substrate chromogen solution to produce a brown color reacting with the plenty of HRP molecules attached with the polymer. Finally the slides were immersed in Harris Hematoxylin for counterstaining. Result of Ki-67 and EGFR immunostaining was interpreted as labeling index (LI) (Ki-67 LI and EGFR LI) that was calculated as percentage of positively stained nuclei or cytoplasmic membranes respectively after counting at least 1000 cells in representative areas. PTEN immunostaining was reported as positive or negative depending on nuclear staining.

Follow-up for survival {#sec2-2}
----------------------

After primary resection of the tumor mass, low-grade (Grades I and II) astrocytoma patients were treated with re-surgery in case of relapse. High grade (Grades III and IV) astrocytoma patients were managed with radiation therapy, with chemotherapy during or following radiation in addition to surgical resection. Only the overall survival (OS) was evaluated for 2.5 years from the date of primary resection to either date of death or last follow-up, whichever was earlier, but the disease free survival was not evaluated in the present study.

Statistical analysis {#sec2-3}
--------------------

Statistical analysis was performed by using Kruskal-Wallis and Chi-square test using IBM SPSS statistics version 20 and MedCalc software. Correlations were judged by Spearman rank order correlation coefficient. Survival was assessed and compared using Kaplan--Meier curves and log-rank test. *P* \< 0.05 was considered as statistically significant for all statistical tests.

RESULTS {#sec1-3}
=======

A total of 57 cases of astrocytoma were evaluated in the present study, of which 45 were males (78.9%) and the rest 12 were females (21.1%). Mean age of the study population was 48.3 years, and most of the cases (40.4%) were clustered in 41-60 years age group \[[Table 1](#T1){ref-type="table"}\]. A total of 34 (59.6%) lesions were localized in the left side, and 23 (40.4%) in the right. Most of the tumors (59.6%; 34 cases out of 57) displayed WHO Grade IV features followed by Grades II and III features, respectively. However, we had not received any Grade I astrocytoma in our study period. Distribution of age and expression of Ki-67, EGFR and PTEN in different grades of astrocytoma \[[Table 2](#T2){ref-type="table"} and [Figure 1](#F1){ref-type="fig"}\] revealed significant (\<0.05) *P* value in Kruskal--Wallis/Chi-square test and in correlation analyses. Age, Ki-67 LI and EGFR LI expressed strong positive (≥0.5) correlation with the grade of tumors, that is, higher values of the three variables were associated with higher tumor grade and vice versa. However, the PTEN positivity was inversely related with the grade of the tumors. Kaplan--Meier plots \[[Table 3](#T3){ref-type="table"} and [Figure 2](#F2){ref-type="fig"}\] of OS were examined with log-rank tests of significance for patient age, grade of the tumors, Ki-67 LI, EGFR LI and PTEN expression. Cumulative 2½ years survival as well as mean survival time decreased with the increasing age groups, higher WHO grades, higher values of Ki-67 LI and EGFR LI. However, the PTEN positive cases were associated with better survival. Significant (\<0.05) *P* values were observed between two groups in each set of Kaplan--Meier survival analysis derived by log-rank test except EGFR LI in Grade IV tumors between above mean and below mean groups.

###### 

Clinical and histopathological variables of the astrocytoma patients
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###### 

Distribution of age and expression of Ki-67, EGFR and PTEN in different grades of tumors
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![(a) Photomicrograph of diffuse fibrillary astrocytoma (H and E, ×400) (b) phosphatase and tensin homolog (PTEN) expression in diffuse fibrillary astrocytoma (×400) (c) epidermal growth factor receptor (EGFR) immunostaining in a case of diffuse fibrillary astrocytoma (×100) (d) photomicrograph of anaplastic astrocytoma (H and E, ×100) (e) PTEN expression in anaplastic astrocytoma (×100) (f) EGFR immunostaining in a case of anaplastic astrocytoma (×400) (g) photomicrograph of glioblastoma (GBM) (H and E, ×100) (h) EGFR immunostaining in a case of GBM (×400) (i) Ki-67 expression in a case of glioblastoma (×400)](IJMPO-35-149-g003){#F1}

###### 

Survival statistics of the patients derived from Kaplan--Meier survival analysis and log-rank test
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![Kaplan--Meier plots showing overall survival in relation to (a) age groups (b) WHO grade (c) Ki-67 labeling index (LI) in all cases (d) Ki-67 LI in Grade IV tumors (e) epidermal growth factor receptor (EGFR) LI in all cases (f) EGFR LI in Grade IV tumors (g) phosphatase and tensin homolog (PTEN) expression in all cases (h) PTEN expression in Grade IV tumors](IJMPO-35-149-g005){#F2}

DISCUSSION {#sec1-4}
==========

The mean ages of patients with Grades I-IV were 12.96, 36.79, 41.52 and 49.55 years, respectively in the study by Ambroise *et al*.\[[@ref10]\] Jalali *et al*.\[[@ref11]\] observed the GBM cases within 13-69 years with a median age of 49.5 years and Srividya *et al*.\[[@ref12]\] obtained the median age of 48 years in their study on newly diagnosed GBMs.

In a study on recurrent astrocytic tumors by Ralte *et al*.\[[@ref13]\] revealed that the mean ages of Grades II-IV tumors were 31, 33.7 and 45.1 years respectively, and there was a striking male preponderance in all grades of astrocytic tumors. Lin *et al*.\[[@ref6]\] noticed the median age of 52 years in cases of GBM and 39 years in AA. Male and female ratio of patients was 1.75:1.

In the present study, the mean ages of the Grades II-IV cases were 34.9, 42 and 55.2 years respectively, which are corroborating with the findings of the other relevant studies. It also displayed the striking male predominance. The occurrence of Grades II-IV tumors was 22.8%, 17.5% and 59.6%, respectively. This variation of incidence in our study might be explained by the small sample size and/or ethnic variation of the population in this region, which needs further long-term study.

Phosphatase and tensin homolog is a novel tumor suppressor gene located on 10q23 which is engaged in cell cycle arrest and apoptosis through negatively regulating the survival signaling in PI3K/AKT pathway in which it produces phosphatidylinositol 4,5-bisphosphate (PIP2) from phosphatidylinositol 3,4,5-triphosphate (PIP3) by the process of dephosphorylation. PIP2 maintains inactivity in the AKT pathway whereas PIP3 is a key regulator of the PI3K/AKT signaling pathway, which recruits AKT (also called protein kinase B) to the membrane surface. Activated AKT regulates several downstream pathways controlling the cell cycle progression, protein synthesis, cell survival and apoptosis. Loss of PTEN expression, through deletion, mutation or methylation essentially mimics activation of the AKT pathway as a result of the accumulation of PIP3, while retention of PTEN maintains AKT inactivity. The active AKT leads to tumorigenesis due to loss of proliferative and apoptotic controls of cell growth especially in breast, ovaries, prostate, pancreas, endometrium, skin, and most notably, brain where inactivation of the PTEN is one of the molecular hallmarks of GBM. PTEN-dependent abnormalities of signaling are very frequent in GBM, with mutation occurring in between 5% and 40% of all GBM cases, and LOH in 60-80% of all cases.\[[@ref3][@ref12][@ref14]\] Evaluation of cellular PTEN levels through expression profiling platform as well by immunohistochemistry have been found to be of prognostic significance in several other studies.\[[@ref14]\] Srividya *et al*.\[[@ref12]\] observed that the homozygous PTEN deletion is a highly significant prognostic marker for poor clinical outcome in newly diagnosed cases of GBM. Further, multivariate analysis revealed the independent prognostic value of 10q23/PTEN homozygous deletion with significant *P* = 0.033.

Lin *et al*.\[[@ref6]\] observed a significantly (*P* \< 0.0001) increased frequency of LOH (72%) at the MMAC/PTEN locus in GBM patients comparing with patients with AAs (29%) or anaplastic oligodendrogliomas (31%). The survival time in the patients of all types of gliomas, GBM and AA with LOH around MMAC/PTEN was significantly shorter than the patients without LOH around MMAC/PTEN. Rasheed *et al*.\[[@ref7]\] demonstrated the overall incidence of PTEN mutations in 31% (13 of 42) of adult GBM and in 23% (3 of 13) of adult AA cases. No mutations were found in the 21 cases of low-grade adult gliomas (astrocytomas and oligodendrogliomas) and in the 22 cases of childhood gliomas. PTEN alteration was significantly less frequent in AAs (18%) than in the GBMs (34%) and similarly EGFR gene amplification was significantly less common in the AAs (17%) than in the GBMs (41%) in a well-known study by Smith *et al*.\[[@ref15]\] PTEN mutation, EGFR amplification and age of the patients came out as predictors of survival in their study on AA and GBM patients.

Though the previous literature had advocated the independent prognostic role of PTEN loss in GBM, other studies have demonstrated the importance of EGFR amplification as well as other methods of AKT pathway activation in tumorigenesis. A very recent study even found a significant correlation between PTEN loss and EGFR amplification.\[[@ref14]\]

Agosti *et al*.\[[@ref16]\] observed positive EGFR expression in 37% cases of GBMs whereas Grades I-III astrocytic tumors were EGFR negative on immunohistochemical analysis using a monoclonal antibody. Similar study conducted by Torp *et al*.\[[@ref8]\] revealed EGFR positivity in 75% cases of AAs and 63% cases of GBMs. Bouvier-Labit *et al*.\[[@ref17]\] found anti-EGFR immunoreactivity in 35% cases of GBMs. In a study on 157 gliomas, proliferating cell nuclear antigen (PCNA) and/or EGFR were expressed in a minority of low-grade astrocytomas, while AA and GBM displayed an intense immunoreactivity for the two antigens in \>85% of cases and their expression significantly correlated with morphological grading.\[[@ref18]\] Similarly, Maiti *et al*.\[[@ref19]\] noticed higher levels of EGFR expression and PCNA labeling index with increasing grades of astrocytomas with a significantly high percentage of cells showing positive staining for both EGFR and PCNA in GBM and Grade III astrocytomas compared to Grade II astrocytomas.

In our study, PTEN positivity was observed in 100%, 90% and 58.9% of the Grades II-IV tumors respectively which were statistically significant. On correlation analysis there was an inverse relationship between PTEN expression and grade of the tumors. PTEN positive cases were also associated with significantly better survival in all the astrocytic tumors as well as in Grade IV tumors. Mean EGFR LI was 1.5, 12.1 and 21.7 in Grades II-IV tumors in the present study showing significant *P* value in Kruskal--Wallis test. EGFR LI expressed strong positive (≥0.5) correlation with the grade of tumors and higher values of EGFR LI were significantly associated with the poorer survival. These findings are quite similar with that of the previous studies although very few immunohistochemical studies had been conducted for PTEN.

A total of 16 reviewed articles comprising a total of 915 patients revealed that the increase in MIB-1 LI was directly related with the increasing grade of malignancy. Most studies also demonstrated positive correlations between MIB-1 LI and survival.\[[@ref20]\] The MIB-1 antibody recognizes the Ki-67 antigen in FFPE tissue. In an Indian study, mean values of MIB-1 LI were 3.8, 2.8, 7.5, and 13.9 in Grades I-IV astrocytomas, respectively. The study emphasized that MIB-1 LI was not dependent on factors such as age and sex and was solely dependent on histological grade.\[[@ref10]\] In a study on 271 patients, the mean MIB-1 LI of diffuse astrocytomas of Grades II-IV were 2.3%, 6%, and 9.1%, respectively. There was a statistically significant difference in the distribution of MIB-1 LI between different grades of tumors and subsequently the survival was also significantly related with the MIB-1 LI.\[[@ref4]\] Ralte *et al*.\[[@ref13]\] observed a statistically significant inverse correlation of MIB-1 LI with interval to recurrence in a study of 64 cases of recurrent astrocytic tumors. The MIB-1 LI of initial tumors displayed a positive correlation with histologic grade. In a study of Ki-67 (MIB-1) and p53 labeling indexes in the stereotactic biopsy specimens, Tihan *et al*.\[[@ref21]\] have demonstrated that the tumors with low Ki-67 LI (\<15%) had a better survival than tumors with high Ki-67 LI (*P* \< 0.05). Mean MIB-1 LI was 3.7, 11.4 and 20.2 in Grades II-IV tumors respectively which was 0.5, 4.1 and 6.4 in another study by Raghavan *et al*.\[[@ref22]\] Rathi *et al*.\[[@ref23]\] noticed the mean MIB-1 LI values of 1.75%, 8.74% and 20.54% in astrocytomas, AAs and GBMs respectively. The statistical analysis also revealed that the mean MIB-1 LI increased with histological grade of malignancy.

The present study revealed 1.0, 7.1 and 21.5% of Ki-67 LI in Grades II-IV tumors respectively and Ki-67 LI also displayed strong positive (≥0.5) correlation with the grade of tumors. Kaplan--Meier survival analysis with log-rank test demonstrated that higher values of Ki-67 LI were associated with the significantly poorer survival in all the cases as well as in Grade IV tumors. The findings of the contemporary studies are comparable with that of the present study.

CONCLUSION {#sec1-5}
==========

Mainly, the five parameters namely age, WHO grade, PTEN expression, EGFR LI and Ki-67 LI have been evaluated in the present study, which revealed that patient survival was definitely related with all the above parameters. Thus, it can be safely concluded that expression of PTEN, EGFR and Ki-67 LI should be combined with the basic histopathological features including WHO grade to predict the prognosis and therapeutic outcome. A multicentric prospective and long-term follow-up study with larger numbers of patients is required to get the precise results and for validation of the conclusions reached in this study.
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